INTRODUCTION
A specialized accelerating facility based on the DC-60 cyclotron was built by the Flerov Laboratory of Nuclear Reactions in collaboration with the Institute of Nuclear Physics (Almaty, Kazakhstan) for the Interdisciplinary Scientific Research Center of the Gumilev Eurasian National University (Astana, Kazakhstan) [1] .
The facility, based on the heavy ion cyclotron DC-60, is capable of providing intense heavy ion beams ranging from Lithium (Li) to Xenon (Xe) in the energy range of 0.35-1.77 MeV/nucleon. The facility is supplied by the 10-25 × Z low energy beam channel as well. Heavy ions are produced by the Electron Cyclotron Resonance Ion Source (ECR). The whole facility was designed, built, and put into operation over the period of 2004-2006. The scientific program of new center is oriented into solid state physics, nanotechnologies, the surface modification of materials, etc. The cyclotron is supplied by three accelerated beam channels. Each channel is provided by set of equipment to solve certain frame problems, while one channel is assigned for the specialized production of trace membranes (TM).
New methods of TM production based on different kinds of polymer films, as well as different technologies for the industrial large-scale manufacturing of TM, were developed at FLNR of the Joint Institute for Nuclear Research (Dubna, Russia). The technology of nuclear filter production based on the irradiation of thin films by heavy ion beams has been developed and improved on heavy ion cyclotrons of national nuclear centers of the United States, France, Germany, Japan, Russia, and other countries for over 25 years. The complex, based on the DC-60 cyclotron, is intended for applied and fundamental research using accelerated heavy ion beams ranging from Carbon to Xenon with energies in the range of 0.34-1.77 MeV/nucleon, as well as for experiments on the channel of low energy ion beams, where the ion extraction voltage supplied by the ECR source reaches 25 kV. The energy variation of the accelerated ions is accomplished by changing the ion charge. The possibility of smoothly tuning the ion energy by ± 30% of its nominal value can be seen by changing the cyclotron magnetic field. Within the framework of commissioning the DC-60 cyclotron, a number of experiments were carried out with accelerating charged particle beams in the main points of the working diagram:
DC-60 Heavy
• The acceleration modes for Nitrogen, Argon, and Krypton ( 14 N 2+ , 40 Ar 4+ , 40 Ar 5+ , 40 Ar 7+ , 84 Kr 12+ ) ions on the 4th and 6th harmonics of RF accelerating voltage in the whole range of magnetic field variation were investigated.
• The possibilities for a bunching system and the influence of injected beam intensity on the acceleration efficiency were investigated.
• A beam was extracted from the accelerator with an efficiency exceeding 60%.
• A Krypton accelerated ion beam ( 84 Kr 12+ ) with a current of up to 2 µ A was extracted into the beam transport channel, matched, and transported to a technological facility for polymer film irradiation. An irradiation field with the required particle flux density and homogeneity was provided by 2 scanner magnets, and the experimental irradiation of polymer films was carried out.
• The operational modes, with magnetic fields corrected by radial correcting coils of cyclotron, were investigated. PACS number: 29.20.dg DOI: 10.1134/S1547477108070248
PHYSICS AND TECHNIQUE OF ACCELERATORS
Heavy Argon (Ar), Krypton (Kr), and Xenon (Xe) ion beams of 1-1.5 MeV/nucleon energies are considered the best candidates for polymer film bombardment if one would like to produce 10-20 µ m thick TM [2].
DC-60 CYCLOTRON ARRANGEMENT
The DC-60 cyclotron is a product of LNR scientific and technological experience acquired while researching the U-400 and U-400M cyclotrons, as well as the applied technology cyclotron IC-100. Multicharge ions are produced in the ECR ion source and are transported by injection channel into the center of the cyclotron magnet, where main acceleration takes place. The beam is extracted from the cyclotron by an electrostatic deflector [3] .
The cyclotron magnetic field a structure made up of four sectors. The radio frequency accelerating system (RF) consists of an RF amplifier and a transmitter line, and it is loaded by two quarter wave resonators with Dees. Changing the RF frequency is done by moving short circuit plates that are located inside the resonance cavities. Two Dees are disposed in the free valleys of the magnet and mechanically connected to each other by a strap. The RF power is supplied by one RF generator with an 11-17.4 MHz frequency variation. The RF amplifier power is 20 kW.
The extraction system consists of an electrostatic deflector and a focusing magnetic channel. The beam energy varies from 0.35-0.8 MeV/nucleons when ions are accelerated on the 6th harmonic of the main cyclotron frequency, and it varies from 0.75-1.77 MeV/nucleons during acceleration on the fourth harmonic of RF.
The three dimensional model of the cyclotron complex is presented in Fig. 1 . The snapshot of the cyclotron facility is shown in Fig. 2 . The beam transport system consists of a specialized channel for irradiating 
